LBL-18497 Three tests have been used to determine the stability of solutions of two nonaqueous solvents, propylene carbonate and 2-methyl-tetrahydrofuran and their solutions of LiA1Cl 4 , LiAsF 6 and LiC10 4 in contact with lithium. The procedures identify the effect of surface layers, open-circuit stand, anodic and cathodi.c polarization. They employ (1) contact with liquid L1 amalgam and solid sheet Li; (2) open circuit potential measurements of cathodic deposits and (3) anodic dissolution of deposits with ramped potential. The stability of solvents is found to depend on the dissolved electrolyte. Polymeric materials containing other products of the reaction between metal and electrolytes have been identified by x-ray diffraction.
1.

Introduction
The remarkable stability of cyclic esters, particularly propylene carbonate (PC), introduced for electrochemical process with alkali metals by Harris and Tobias in 1958 , has subsequently made these solvents attractive for use in ambient-temperature lithium batteries. Among several other classes of solvents, cyclic ethers, particularly 2-methyl-tetrahydrofuran (2-Me-THF) which was introduced by EIC Corp. (Goldman et al., 1980) , have also received considerable attention. While these and other solvents in combination with different el~ctrolytes, particularly LiC10 4 , LiAsF 6 and LiAlC1 4 , have been quite successful for use in primary cells, they have not provided satisfactory performance for secondary (rechargeable) cells, although some have been found more stable than others (Besenhard et al.) . Reaction of lithium with the electrolytes, which often results in the formation of protective surface layers, appears to be responsible for the poor rechargeability of lithium electrodes.
Studies of these reactions are complicated by the extremely high reactivity of lithium. It is, therefore, necessary to remove surface layers by mechanical or electrochemical means immediately before measurement or to use fresh electrochemical metal deposits. The difficulties of preparing reproducibly clean lithium electrodes is illustrated by the large spread of exchange current densities reported for PC, 1 M LiCl0 4 solutions, ranging from 1 to 240m A/cm 2 (Butler et al.,l969; Jasinski, 1971; Scarr, 1970; Jorne and Tobias 1974; Meibur, 1971) .
The purpose of this study is to apply three test procedures to combinations of two solvents (PC and 2-Me-THF) with three salts (LiC10 4 , 2.
LiAsF 6 and LiAlC1 4 ). In the first test, each electrolyte is brought in contact with stirred liquid Li-Hg and solid sheet lithium. This test shows the effect of surface layers since their formation is avoided on the amalgam. The stability of the electrolyte can be estimated by measuring the reaction products or the amount of Li consumed. In the second test, Li is deposited electrochemically on a conductive (Cu) substrate, then the potential of the deposit is measured vs. a Li reference as a function of water have been described previously (Nazri and Muller 1983}. 2-Me-THF has been stirred over liquid Li-Hg to remove reactive impurities. The salts were dehydrated in vacuum for 24 hours; LiAlC1 4 , and LiAsF 6 at.80° C, and LiC10 4 at 160°. All solutions were 1 molar. Li (Foote Mineral, high purity foil), was used without further purification.
0
For the first test, all six solutions were stirred in contact with Li -Hg, inside a dry box for 20 hours. Re 1 at i ve amounts of decomposition products were evaluated visually. In addition, aLi disc (1.2 em diameter and 0.3 em thickness) was exposed to the electrolytes for 20 hours.
Samples of decomposition products formed on Li-Hg were collected, dried in vacuum, and transferred to the x-ray diffractometer (Siemens D-500} without exposure to air by use of a transfer cell. The surface 1 ayers formed on the Li sheet were examined by x-ray diffraction with and without removal from the metal. Diffraction patterns of LiC10 4 and LiAlC1 4 powder in He atmosphere were generated for comparison. In the case of PC, LiC10 4 the surface layer was also analyzed by ESCA, IR and SIMS (Nazri and Muller 1984 i 
Results and Discussion
For all the solutions, the reaction between Li-Hg and solvents in the first test was accelerated by the presence of salts, with the rate of reaction increasing in the order LiA1Cl 4 , LiAsF 6 , and LiC10 4~ The reaction resulted in the formation of a gelatinous, transparent material. With the same salt, _2-Me-THF was more stable than PC, and pure solvents were more stable than their solutions. Mixed solvents have not been studied in this where diffraction patterns for film materials formed in PC, LiCl0 4 , had been shown Muller 1984 i, 1984 ii and 1984 iii) and has been reported by Epelboin et al. (1980}. Peled (1979} has, however The third test, the anodic stripping of Li deposits after different wet-stand periods, is illustrated in Figs. 8 and 9 . In these experiments, 0 Li layers of 1000 A thickness were deposited galvanostatically on Cu at 1 6. mA/cm 2 , then stripped potentiostatically at 50 mV/sec. It can be seen that after 60 s at open circuit, about 1/4 of the deposit is still available. for dissolution in PC while none is left in 2-Me-THF. The two peaks which appear in Fig. 8 represent dissolution of Li from bulk and alloy phases, respectively. It can be seen that while the amount of bulk metal available for anodic stripping decreases with time, the alloy is practically unaffected by corrosion reactions with the solution. The formation .of Li alloys with substrates of Pt, Au, Cu and stainless steel has resulted in a degradation of the surfaces under powder formation, in agreement with literature reports (Dey, 1971; Nicholson, 1976; Rao, et al., 1977) . This paper is dedicated to Charles W. Tobias, who has introduced the use of cyclic esters as solvents for electrochemical processes with reactive metals. 
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